Antioxidant capacity, lipid peroxidation, and lipid composition changes during long-term and short-term thermal acclimation in Daphnia.
Examples of phenotypic plasticity-the ability of organisms of identical genotypes to produce different phenotypes in response to the environment-are abundant, but often lack data on the causative physiology and biochemistry. Phenotypes associated with increased protection against or reduced damage from harmful environments may, in fact, be downstream effects of hidden adaptive responses that remain elusive to experimental measurement or be obscured by homeostatic or over-compensatory effects. The freshwater zooplankton crustacean Daphnia drastically increases its heat tolerance as the result of acclimation to high temperatures, an effect often assumed to be based on plastic responses allowing better protection against oxidative stress. Using several geographically distant Daphnia magna genotypes, we demonstrate that the more heat tolerant individuals have a higher total antioxidant capacity (TAC) both in the comparison of heat-acclimated vs. non heat-acclimated females and in the comparison of females to age- and body size-matched males, which show lower heat tolerance than females. However, experimental manipulations of hypothesized antioxidant pathways by either glutathione addition or glutathione synthesis inhibition had no effect on heat tolerance. Lipid peroxidation (LPO), contrary to expectations, did not appear to be a predictive measure of susceptibility to thermal damage: LPO was higher, not lower, in more heat tolerant heat-acclimated individuals after exposure to a lethally high temperature. We hypothesize that LPO may be maintained in Daphnia at a constant level in the absence of acute exposure to elevated temperature and increase as a by-product of a possible protective antioxidant mechanism during such exposure. This conclusion is corroborated by the observed short-term and long-term changes in phospholipid composition that included an increase in fatty acid saturation at 28 °C and up-regulation of certain long-chain polyunsaturated fatty acids. Phospholipid composition was more strongly affected by recently experienced temperature (4-day transfer) than by long-term (2 generations) temperature acclimation. This is consistent with partial loss of thermal tolerance after a short-term switch to a reciprocal temperature. As predicted under the homeoviscous adaptation hypothesis, the more heat tolerant Daphnia showed lower membrane fluidity than their less heat tolerant counterparts, in comparison both between acclimation temperatures and among different genotypes. We conclude that thermal tolerance in Daphnia is influenced by total antioxidant capacity and membrane fluidity at high temperatures, with both effects possibly reflecting changes in phospholipid composition.